The nikO gene encoding a putative enolpyruvyl transferase has been identified within the Streptomyces tendae Tu90 1/8c nikkomycin gene cluster. nikO encodes a deduced protein of 47 1 amino acid residues which exhibits significant sequence similarity to UDP-7V-acetylglucosamine enolpyruvyl transferase and 5-enol-pyruvylshikimate 3-phosphate synthase from various origin. The nikO gene was inactivated by inserting a kanamycin resistance cassette; the mutant did not produce biologically active nikkomycins I, J, X, and Z nor the nucleoside moieties, nikkomycins Cx and Cz, but accumulated the novel component RT 2.0. RT2.0 has been isolated from culture filtrate and its structure was determined by using mass spectrometry and NMR analyses as ribofuranosyl-4-formyl-4-imidazolone which represents a novel nucleoside. The putative activity of the nikO gene product in nikkomycin biosynthesis will be discussed.
Streptomyces tendae Tii90 1 produces nikkomycins which belong to the group of peptidyl nucleoside antibiotics (reviewed by Fiedler et ai, 19931) ). They act as potent competitive inhibitors of chitin synthetases of fungi and insects. Major componentsof the culture filtrate of S. tendae Tu901 are nikkomycins X and Z consisting of a nucleoside moiety and the peptidically bound unusual amino acid hydoxypyridylhomothreonine (nikkomycin D). The nucleoside part is formed by an aminohexuronic acid that is Af-glycosidically linked to 4-formyl-4-imidazolin-2-one forming nikkomycin Cx or to uracil forming nikkomycin Cz. Streptomyces strains, 30jig thiostrepton/ml or 10jig kanamycin/ml was added to solid medium, and 10fig thiostrepton/ml or 10 jig kanamycin/ml was added to liquid soy-peptone medium. Thiostrepton and kanamycin were purchased from Sigma.
General DNATechniques
DNAmanipulation techniques, DNAsequencing, and transformation of Streptomyces strains were carried out by standard procedures15) and by methods described by Bruntner et al.9) Construction of the nikO Insertion Mutant pVM18 was digested with Sad and religated to yield pBL181. pBL181 contained the 2.9-kb Ncol-Sacl fragment of pVM18 carrying the nikO gene ( Fig. 1) 
Results
Cloning and Sequence Analysis of the nikO Gene
In order to isolate a DNA fragment adjacent to the previously described 8-kb BamHl fragment carrying the gene for proteins Pl/P26), the 1.6-kb Ncol-BamUl fragment of one end of this fragment was used as a probe to hybridize TVcoI-digested cosmid p9/43 containing a part of Comparison of the deduced NikO sequence with data base protein sequences revealed significant similarity (26% identity, 40% similarity) along the entire protein to UDP-7V-acetylglucosamine enolpyruvyl transferases that are similar in size (419 to 444 amino acids) to NikO. These enzymes catalyze the first committed step in murein biosynthesis of the bacterial cell wall transferring the enolpyruvyl moiety of phosphoenolpyruvate (PEP) to the 3'-OH of UDP-Nacetylglucosamine (UDP-GlcNAc) to yield enolpyruvyl UDP-GlcNAc.A cysteine residue that has been implicated as the active site nucleophile and covalently binds the PEP analog phosphomycin16~18) is conserved in most of these enzymes and is also present in NikO (Cys-128; Fig. 3 The strains were grown for 7 days in production medium. Peaks of compounds RT 2.0, and nikkomycins Cz, Cx, D, Z, X, J, and I are indicated.
kanamycin resistance gene via double-crossover homologous recombination.
S. tendae/8c protoplasts were transformed with pNOl, which contains the 2.9-kb NcolSacl fragment with the aphll cassette cloned into the unique Bglll site within nikO (Fig. 1) . After protoplasting and regeneration of S. tendae Tii901/8c (pNOl) under nonselective conditions, about 95%of the tested colonies were kanamycin resistant and thiostrepton sensitive. Southern blot analysis using the 5.7-kb Ncol fragment as the probe showed that each of the six kanamycin-resistant, thiostrepton-sensitive clones had integrated the aphll cassette in the nikO gene, since hybridizing bands appeared with the expected 2.4-kb and 4.6-kb genomic fragments (Fig. 1) . The nikOwaphll mutants and S. tendae Tu901/8c
were grown in nikkomycin production medium, and the culture filtrates were analyzed by HPLCfor the presence of nikkomycins (Fig. 2) . The nikOw.aphll mutants produced neither the biologically active nikkomycins X, Z, I, and J nor the nucleosides nikkomycins Cx and Cz, but accumulated the compound RT 2.0. The ultraviolet spectrum of RT 2.0 revealed an absorption maximumof 290 nm and was very similar to that ofnikkomycin Cx (data not shown)20). In addition, RT 2.0 reacted with the aldehyde reagent barbituric acid to form red-colored reaction compounds; this reaction is characteristic for nikkomycins containing the 4-formyl-imidazolone base21).
For a complementation experiment the nikO gene was cloned into the Bglll site of plasmid pIJ702 under the control of the promoter of the tyrosinase gene. However, all transformation experiments to introduce this construct into protoplasts of the nikOwaphll mutants failed. The sequences were aligned by BlastP; similar residues (+), low complexity sequence (X), and gaps (-) are indicated. The cysteine residue that is conserved in manyUDP-GlcNAc enolpyruvyl transferases and covalently binds phosphomycin16'18) is boxed. was based on the following interpretation of NMRspectra (Table 1) . The six signals in the range of3.7 to 5.61 ppm in the proton spectrum could be easily assigned to the sugar moiety of the compound. The signal at 5.61 ppm is typical for a glycosidic alpha-proton in a sugar ring. According to the HSQCexperiment, the two protons at 3.71 and 3.81 Table 1 . !H and 13C chemical shifts (ppm) ofRT 2.0a. Table  2 ). The signal multiplicities of RT 2.0 and uridine are almost identical. Furthermore, the^^H coupling constants JV 2', Jy y* Jy a1 of RT 2.0 are very similar to those of nikkomycin Cx, both compounds contain the same formylimidazolone base. The lU-lR coupling constants J^^^, J^^Q^y^5 (h' ),5' (h2) of RT 2.0 are very similar to those ofuridine due to the identity of this structural element. These data led to the conclusion that RT2.0 contains a ribofuranosyl moiety. For the proton with a chemical shift of 9.29 ppm the HSQCexperiment showeda correlation to a carbon atom with a chemical shift of 179.0 ppm, which is characteristic of a carbonyl group. Thus, the presence of a formyl group in the molecule was confirmed. The remaining signal at 7.81 ppm was assigned to the aromatic proton in the heterocyclic ring at C-5. According to these results compound RT 2.0 has the structure shown in Fig. 4 . Comparison of the NMRresults with published data of similar compounds22'23^supported the proposed structure.
Discussion
In this study we have identified the nikkomycin phosphate (DAH 7-P) synthase in which the C-3 of PEP is condensed with erythrose 4-phosphate to give DAH7-P, the precursor of the shikimate pathway25^, and that catalyzed by Ribofuranosyl-4-formyl-4-imidazolone produced by the nikO insertion mutant represents a novel nucleoside that can be easily isolated in large amounts. It is an analog to uridine that might act as inhibitor of nucleotidemetabolizing enzymes and might be used as moiety for the synthesis of newantiviral or anticancer agents.
